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SUMMARY 

A method has been developed for forrmlating a clear, dense p l a s t i c  

rod (Lucite) free fram bubbles which can be conveniently and consistent- 

l y  contaminated with Bacillus globigii  spores and which appears sui table  

for studying the dry-heat resistance of these spores when they are en- 

capsulated in the rods. 
T 

A method of recovering 1. globin i i  spores from p la s t i c  rods has 

been developed and data  have been collected indicating that  the con- 

centration of viable spores per gram of p las t ic  does not change on pro- 

longed storage at  room temperature. This latter fac t  indicates that  

once polgmerization is completed the p l a s t i c  is not toxic for  spores. 

S t a t i s t i c a l  analysis of data  re la t ing t o  the reproducibil i ty with 

which batches of p las t i c  can be made up, contaminated, and farmed i n to  

rods reveals that: (a) no difference i n  counts, on the average, occurs 

in rods prepared from separate batches of p l a s t i c  on di f fe ren t  days; 

(b) approximately the same number of spores, on the average, is present 

in every par t  of any rod when m inoculum level of a t  lea& 7 ~ 1 0 ~  spores 

per gram is used. 

Statistical asralysfs of d a t a  a lso revealed that  the var ia t ion in 

counts between dupliesee eamplas taken frm a blender wa3 s ignif icant  

and that  an faproved method for sampling the blend is necessary. 

s t a t  agi ta t ion of the blend during sampling would reduce this variation 

appreciably . 

Con- 
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ECOLOGY AND THERM4L INACTIVATION OF MICROBES I N  

AND ON INTERPLANETARY SPACE VEBICLE CoMpONENTS 

INTBODUCTION 

The r e su l t s  reported upon in the  Second Quarterly Report of 

Progress indicated tha t  it may be possible t o  introduce bacter ia l  

spores into cer tain types of plas t ics  and recover the spores quan- 

t i t a t ive ly .  

factors  t ha t  a f fec t  the persistence and quantitative recwery of 

spores incorporated into nrethyl methacrylate p l a s t i c  (Lucite) . 
Efforts were expended th i s  quarter in determining those 

XPKRIMRNTAL 

Method of forming Lucfte rods _ _  

I n i t i a l  toxici ty  experirsents conducted i n  a manner conparable 

t o  that  described lasf  quarter revealed that  L u c i t e  was  non-toxic 

t o  Bac%llus M f g i i  ~ spores. 

physical properties sf Lwllta, as l i s t e d  last quarter, it was  selected 

Because of the desirable chemical anel 

as a d e l  system for detsrmllnhg the heat resfstance o f g .  Blobinii  

spore cmtamhatfom encapsulated Ln it. 
1 

To remove the p o l p r i e a t i s n  inhibitor, methyl methacrylate mono- 

mer Ps washed twice wiKh equal v~l-ziies of -h, Ns!?!?, fellowed by two 

additional washings with equal vol\ames ob dfstf21ed water. The washed 

monomer is t e n  m k e d  wlith an excess of anhydrous sodium su l fa te  (Na2S04) 

and allowed to  sterrad overnight to  remove water. 

remved by f%ltrak%on m d  the mmomer ie stored in the cold (5%)  ma- 

The sodium su l fa te  is 

til ready f a  use0 
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EC0UX;Y AND THERMAL INACTIVATION OF MICROBES I N  

AND ON XKTERPLANETARY SPACE VEHICLE COMFONWIS 

INTRODUCTION 

The r e s u l t s  reported upon in the  Second Quarterly Report of 

Progress indicated t h a t  it may be possible t o  introduce bac ter ia l  

spores i n t o  ce r t a in  types of p l a s t i c s  and recover the spores quan- 

t i t a t i ve ly .  

fac tors  t h a t  a f f ec t  the persistence and quant i ta t ive recovery of 

spores incorporated in to  methyl methacrylate p l a s t i c  (Lucite) . 
Efforts  were expended t h i s  quarter in determining those 

EXPERIMENTAL 

Method of forming Lucite rods _ _  

I n i t i a l  tox ic i ty  experinrents conducted in a manner comparable 

t o  tha t  described last quarter revealed tha t  Luefte was  non-toxic 

t o  Baci l lus  globigi i  sporeso Because sf the desirable chemical d 

physical propexties of L w i t e ,  as l i s t ed  last. quargerp it w a s  selected 

as a d e l  system for determining the heat resistance sf 2. Blobigi i  
! 

spore c m t m h a t i o n  eneapsulatad i n  f t o  

To remove the p o l p e r i z a t i s n  inhibitor, methyl methacrylate ~ Q O -  

mer is washed tw5.ce witch equaP W A - ~  l---- W I  -= -,. 3.r U e F I U  avwIl, ---_____ C n l l r r u a A  by 

addi t ional  washings with equal volumes of d i s t i l l e d  w a t e r .  

nxm0mer is  then mixed with BQ excess of anhydrous sod im su l f a t e  (Na2S04) 

and allowed to  stand overnight t o  remove water. The sodium su l f a t e  is  

rammed by f f l t r a t % s a  and Lhe mncmer is stored in the cold (5%)  u- 

The washed 

cia ready fo r  use0 
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A series of experiments were conducted t o  determine the conditions 

necessary t o  obtain a clear plast ic ,  f r ee  of bubbles, t h a t  would poly- 

merize completely when exposed to M ° C  for  2 hours. Higher tempera- 

tu res  and shorter times of polymerization were purposely avoided be- 

cause of the possible e f f ec t s  such conditions might h m  on spores when 

introduced in to  p l a s t i c  in future experiments. 

The procedure f i n a l l y  adopted for f o r d n g  Latcite rods contaminated 

with an acetone suspension of spores is as foflcws: 10 m l  of the de- 

s i red acetone suspension of spmes is added t o  50 d of washed methyl 

methacrylate monomer and the am are h e d .  To the mixture, 50 g of 

methyl methacrylate powder is added and mixed with a sterile spoon 

for  5 minutes, 

placed in a 250 d Erlenmeyer vacuum %Isask and evacuated with a water 

pump until  bubbles 118 longer form, The plast ic ,  now vliscous due t o  

p a r t i a l  poPymerizatisrn3 is poured into cotton stoppered, sterile 

thermal-death-time borosi l icate  tubes which are placed %n a 50OC water 

bath for  2 hora~s. I p o 3 , l ~ h g  polynerizatfcm, the thermal-death tubes, 

%Q which che so l id i f ied  p l a s t i c  has been molded, me sealed in an Q X ~  

gas flame, 

h a d ,  elear, and free of bubble@. 

The inoculated unpslymerized (liquid) p l a s t i c  is 

This iaret~hd cowistenely yielded plast ic  rods t h a t  were 

. 
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is broken free from the molded p l a s t i c  rod by tapping with a metal bar. 

One end of the free p l a s t i c  rod is wrapped in a sterile paper towel 

and the rod is clamped in a vise. The rod is sawed with a hacksaw 

containing 10 sterile blades i n  a l ternat ing posit ions to  achieve f ive  

separate blade cu ts  on each forward stroke and f ive  separate blade 

cu t s  on each back stroke. 

completely through the di-tar, are made throughout the length of 

the rod in  order t o  obtain representative sampling. The powdered 

p l a s t i c  resu l t ing  from each cut  is pooled and thoroughly mixed. 

gram of the powder is  placed in 200 m l  of sterile acetone in a 400 m l  

Dessicoated beaker. The beaker is  covered with sterile aluminum f o i l  

and placed on a magnetic mixer for 30 minutes a t  roan temperature. 

During t h i s  interval, the p l a s t i c  is completely dissolved. A l l  of 

the 200 ml of acetone-plastic solution is  passed through a sterile 

Dessicoated Se i t z  f i l t e r  apparatus. The beaker is washed with an 

additional 200 m l  of sterile acetone which is a l so  passed through the 

f i l t e r  and f i n a l l y  the f i l t e r  funnel is  rinsed with 100 ml of sterile 

acetone. 

500 m l  of phosphate d i lu t ion  water and grsud for 2 mhutes  a t  slaw 

speed, followed by one minute a t  high speed. 

of the paper pulp are plated, in duplicate, in typtone, glucose, beef 

extract agar. The p l a t e s  are incubated 48 hours a t  35% and counted. 

Four cuts, approximately 1/2" wide and 

One 

The f i l t e r  pad is placed i n  a Waging Blendor containing 

Se r i a l  ten-fold d i lu t ions  

A number of experiments were performed t o  determine the  per- 

centage recovery of spores from plastic rods. 

stock spore suspensions were heat shocked at 80% for 10 minutes and 

Portions of aqueous 

- 4 -  



diluted in sterile acetone so t ha t  10 nd of acetone suspension am- 

tained the desired number of spores. P l a s t i c  rods were f o d  and 

analyzed as described above. The data presented in Table I ate typi- 

cal of the re su l t s  obtained in several experiments. 

d i ca t e  that, as a rule, a reduction in the number of spores occurs 

bmediately a f t e r  addition to the p l a s t i c  f o l l d  by an d d i t l o n a l  

reduction during polynmrizattoa. 

These da t a  in- 

I .. 

Distr ibut ion of spore contamination in plastic rods 

Before quant i ta t ive survival data on spores encapsulated Lp 

p l a s t i c  and subjected to  dry heat can be collected a d  interpreted 

in a gemingful  manner, the  variables associated with the total 

system -st be evaluated aad the i r  significance determlaed, For ex- 

ample, should uneven distrtbUaLon of the  spore CmtaaInatLoLI in a 

rod occur so tha t  &mckets" of l i gh t  and heavy contambation exist, 

heat  treatment of such a sample would r e s u l t  in an apparent act- 

plished k i l l  that would be considerably in error. 

mation on the  fac tors  t ha t  may cantribute to  variance, art experiment 

was  devised by which a statistical determination of several variables 

was  masured. The e x p e r h n t s l  design of this experbent  1s pre- 

sented below. 

To gather infar- 



Deslgu for determining the dist r ibut ion of spores in 
Luci te  rods 

r: p las t i c  rods, each from a different  batch of 

= four 1/2 inch sections sawed f r o m  di f fe ren t  
p u t s  of the rod throughout its t o t a l  length. 

= spore co centrations per grm of 1x106, ~ 0 4 ,  

p188tiC. A1 lad A2 

Bl, B2, B3, B4 

clr cD  mu^ c3 

Dl ad D2 

and 1x10 13 respectively. 

= duplicate samples taken from the blender. 

= day8 on which an experiment W 8 S  performed. 

8: duplicate p l a t e  count determinations. 

1 through 6 

8 

For each of the three spore concentrations used, two separate 

batches of p l a s t i c  were made on a e p u a t e  days and from these batches 

rods were fornred and analyzed as described above. In order t o  randomlee 

any day t o  day effects,  the six experiments were perforred in the r d a u  

fashion shown below: 

Spore concentration per gram 

4 
- 

1 1 x 10 

2 1 x lo4 

4 1 lo3 
5 1 x lo6 
6 1 lo3 

6 
3 1 x 10 
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r 

The e x p e r h n t  w a s  designed t o  examine the factors  of: (A) dupli- 

cate rods mixed from d i f f e ren t  batches and on separate days; (B) pa r t s  

of the rods averaged over a l l  other e f fec ts ;  (C) concentration of spores 

per gram; (I)) duplicate samples taken from the bfender; and any of the 

paired interact ions of the above four. An interact ion w i l l  r e s u l t  when, 

for  example, more spores are found in the top of a rod contaminated 

with a high concentration of spores and a large number of spores are 

a lso  found in  the bottom sect ion of a rod contaminated with a l o w  con- 

centrat ion of spores. This design is a 2 x4 f ac to r i a l  with two dupli- 3 

cate p la tes  a t  each combination of the four factors ,  O s t l e  (1963) gives 

a general description of the analysis, and states the assumptions for  

t h i s  type of design. 

P la te  counts from the appropriate d i lu t ions  of the two concentra- 

t ions w e r e  transformed totlogarithms t o  the base 10 in order t o  yield 

approximate normality. 

As a fur ther  test of the assumptions l i s t e d  by O s t l e ,  a Bartlett's 

test for  homogeniety of individual duplicates a t  each combination of 

fac tors  w a s  performed and found to  be am-signif icant  at  the tZ = 0.05 

level .  

where u- i s  the probabili ty of re ject ing a true hypothesis. 

The significance level  of a l l  tests w a s  chosen as u.= 0.05, 

Because of the small numbers of spores present per m l  of blend 

derived from the rods w%th the lowest spore concentration, d i lu t ions  

were not made, but instead, three 4-ml portions of the blend were 

plated.  Counts obtained from these 3-ml portions varied too widely 

t o  be analyzed with data from the two other experiments. Subsequent 

analysis  of the data  from the rodstdnocufatedIwfth. the two higher 
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.- 

concentration of spores (see below) indicated tha t  a large portion of the 

variance was due t o  differences between counts on samples taken from the 

blender (factor D) . 
Table I1 lists the numbers of spores used t o  inoculate the p l a s t i c  

rods and the numbers of spores recovered before and a f t e r  polymerization 

of the plast ic .  

Table I11 as w e l l  as a l l  of the factors and the paired combinations or 

interactions and the var ia t ion (mean square) of each. 

square w a s  obtained by pooling the sum of squares due t o  duplicates, 

with higher order interactions, and dividing by 45 degrees of freedom. 

A l l  of the other factors and interactions were compared t o  the e r ror  by 

dividing the error mean square into each of the other mean squares t o  

obt8in the F-ratios shown in the l a s t  column. 

was compared t o  values in tables  for the proper number of degrees of 

freedom ( O s t l e ,  1963). 

to be signif icant  a t  a- = 0.05. 

The r e su l t s  from the analysis of variance are shown in 

The er ror  mean 

This  value of the F - r r t i o  

Five of the factors  and interactions were found 

The s ignif icant  tests indicated the following: 

1. The counts obtained from different  p a r t s  of the rod (factor B) 

are significant, on the average, over the other factors.  A 

test of three individual degrees of f reedm showed that  the 

top two sections of the rod were higher in count on the 

average than the bottom two sections. 

The p l a t e  counts (factor C) obtained from the di lut ions of the 

rods with the highest spore concentration were higher than 

those for the Power concentrations . 
2. 

- 8 -  



I .  
1 .  

3. 

4. 

5. 

The second sample (factor  D) taken from the blender has a higher 

average c a n t  than the f i r s t  sample. 

The %oncentratbns" x "part of rod" interact ion (BC) is signi- 

f icant .  

fac tors  indicates t ha t  those rods with the highest spore con- 

centrat ion showed no difference in  spore d is t r ibu t ion  from top 

t o  bottom while the rods of lower concentration yielded lower 

counts at  the bottom of the rod. 

The "part of rod" x "samples from blender" interact ion (BD) 

showed the same trend as in 4 above. 

from the blender showed l i t t l e  difference in counts from the 

top and bottom par t s  of the rod, whereas the f i r s t  sample, hav- 

A graph of the means of a l l  the levels  of the  two 

The second sample taken 

ing a lower concentration, showed a difference in the average 

counts between the top and bo t tom of the rod. 

Persistence of plastic encapsulated spores held a t  room te-rature 

Previous contractors t o  NASA (Koesterer, 1965) have reported rather 

hi@ D125 values fo r  spores encapsulated in two types of p l a s t i c  material. 

From these data,  one is able t o  estimate tha t  approximately 20 t o  30 

hours exposure t o  a dry heat temperature of 125% vould be required t o  

reduce 1x10 Bacillus nlobigi i  spores t o  non-detectable levels. Because a 

of such extended exposure times, iL fs zeecss=zy cc hrnv whether any 

death of spores occurs in the p l a s t i c  on extended storage as a r e s u l t  

of p l a s t i c  toxici ty .  

changes in the rate of such death would have t o  be understood and taken 

into account when calculat ing thermal res is tance of spores encapsulated 

The extent of non-thermal death as w e l l  as any 
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i n  plastic. To determine whether any change in the number of v iab le  spores 

encapsulated in p la s t i c  would occur over au extended storage period, the 

following experiment w a s  performd. Rods of p l a s t i c  containing approxi- 

nmtely 220x10 Immediately 

a f t e r  polymerization, a rod was  s.mpled by the method described above and 

the number of spores per gram determined. The remaining rods were stored 

at  room tenperature, and at various intervals, individual rods were 

similar ly  saupled and the number of spores per gram determined. 

r e s u l t s  of t h i s  experimnt are given in Table IV which reveals that the 

number of spores per gram remains f a i r l y  uniform over a 72-hour period . 

6 spores per gram were formed as described above. 

The 

PROJECTED RESEARCE FOR FOURTH QUARTER 

Activities during the fourth quarter w i l l  be largely devoted to 

obtaining thermal res is tance da ta  on E. g l o b i g i i  spores incorporated i n  

Lucite 8t a concentration of 1x10 8 spores per gram and a t  a dry heat 

temperature of 125.C 

1. Ostle, Bernard, "S ta t i s t ics  in Research", 2nd Edition, Iowa 
Sta t e  University Press, Ames, Iowa, 1963. 

Koesterer, M. G., NASA Contractor Report CR-191, March 1965. 2. 
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Table I 

Recovery of Bacillus globini i  spores from L u c i t e  

Experiment 
number 

I 

No. of spores 
per pan of 
p 1 as t ic* 

3 5 0 ~ 1 0 ~  1 63x10 

5x10 
6 

3 .3x108 

6 . 3 ~ 1 0 ~  

90. of spores 
per gram re- 
covered from 
unpolymer ized 
plao t ic  

6 

6 
120x10 

5x10 

2 . &lo8 
2 .5x105 

No. of spores 
per gram re- 
covered from 
polymerized 

11 

I11 

IV 

6 5x10 

3 . &lo8 
5 6.8~10 

Percent 
recovered 

73 

100 

78 

4.0 

*Calculated from the p la te  count value obtained on the acetone suspen- 
sion used t o  inoculate the plastic.  
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Table 11 i 

3ay of :t;e 
Exper iment  

6 

4 

1 

3 

5 

CI 
L 

XG. of spores 
z d c d  pGr E;r'il 
of p las t i c  (4 

9. lX1o3 

9 . 5 ~ 1 0 ~  

35. 5x10' 

5 . 5 ~ 1 0 ~  

6. 4x106 

20.2YlO4 

1. 3x103 
I . 0 ~ 1 0 3  

3 Av. 1 .5~10  

1.0~103 
568 

iiv . 7 94 

41 x 1 ~ 4  
38 x1~4 

Av , 39 . 5x10' 

8 .  3x106 
6 .  8x106 

6 4v. 7.6~10 

7. 9x106 
7 .4x106 

4v. 7 . 7 ~ 1 0 ~  

18.8~104 
3 1 . 9 ~  IO4 

i v . 2 5 . 4 ~ 1 0 ~  

336 
840 
672 
424 

Av. 696 

504 
84 

924 
420 

Av, 483 

5. 9x106 
5. 5x106 
6. 4x106 
4. 9x106 

Av. 5 . 7 ~ 1 0 ~  

5. 9x106 
4. 3x106 
5. 9 ~ 1 0 ~  
5.7~106 

Av, 5 . 5 ~ 1 0 ~  

25. 5x104 
2 1 . 7 ~ 1 6  
23. 7x104 
25. 8x104 

Av.24.2~16 

61 

61 

62 

75 

7 1  

95 

("'Calculated from the p la te  count value obtained on the acetone S G s ? C i i - >  Lc;n 

(')Vaiucs obtained from two portions of unpolymcrizcd plastic i raed in te iy  

(')Values obta ined from plastic cut from 2oiir Cifferenr sec t ions  ,iong the 

of spores L S ~ G  to inoculate the p las t i c .  

after inocuiarron and mixing .  

rod length. 
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Table 111 

Analysis of Variance of Data From an Experiment 
With Spores in Plastic Rods 

Duplicate R o d s  

Parts of Rod 

Concentrat ion 

rr Error 

rgignificwt =t 

s F 2 e  I F-Ratio 

0 000281 0 e39 

0.02475 3.45* 

1.73778 242.03* 

0.03780 5.2@ 

0.00086 0 012 

0.02685 3 074 

0 -00 614 0.86 

0.02500 3.48* 

0.8261 6 3.w 

0.00454 0.63 

0 -00718 -0-0 
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Table IV 

Hours of Storage 
a t  Room Temperature 

w 
12 

24 

48 

72 

L 

No. of Spores Detected Per 
G r a m  of Plas t i c  

(X10 4 
120 

122 

124 

90 

126 

Effect of Room Temperature Storage on the Vi rb i l i t y  of 
Bacillus globini i  Spores Incorporated in Lucite Rods 

*The 0-hour determination w a s  made imnediately a f t e r  p o l y  
merization w a s  complete. 
in 2 hours in a 50.C water bath. 

Complete polymerization occurs 
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